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IIWFSTIMTION OF THE J6T EFFECTS ON A FLclT S W A C E  

RACELLF: AT A FIREES'EUAM MACH NUMBER OF 2.02 

By Walter E. Bressette 

An investigation  at a free-stream  Mach  nmiber  of 2.02 was made to 
determine  the  effects of a propulsive  jet 011 a wfng surface  located in 
the  vicinity of a choked  convergent  nozzle.  Static-pressure  surveys 
were  made on a flat  surface  that w a ~  located in the  vicinity of the 
propulsive  jet.  The  nozzle was operated  over a range of exi t  pressure 
ratios  at  different  fixed  vertical  distances f r o m  the  flat  surface. 

Within  the  scope of this  investigation,  it was found  that  shock 
waves,  formed  in  the  external flow because of the  presence of the  pro- 
pulsive  jet,  impinged on the flat surface and greatly  altered  the  pres- 
sure  distribution. An integration of this preesure  distribution, with 
the  location  of  the  propulsive  jet  exit  varied from 1.4% propulsive-jet 
exit  diameters  to 3.392 propulsive-jet  exit  diameters  below  the w i n g ,  
resulted in an  increEnta1 lift for all jet  locations  that w a s  equal to 
the g r o s s  thrust  at an exit  pressure  ratio Of 2.86. 

This  incremental  lift  increased with increase in exit pressure 
ratio,  but  not so rapidly  as  the  thrust  Increased,  and was appmxhately 
constant at any given  exit  pressure  ratio. 

INTFKIDUCTION 

It has been shown in  reference 1 that a propulsive  jet  issuing f r o m  
the  rear of a bcdy  at  supersonic  speeds produced strong  disturbances 
which  were  responsible for the formation of shock waves  in  the  external 
flow downstream  of  the  jet  exit. It could_ thus  be  expected  that  the 
induced  forces  produced by the impingement of  these  shock  waves on down- 
stream  surfaces  might  be of considerable  hportance. In the past, air- 
craft  designers  avoided  this  problem by placing  all  surfaces  outside of 
a predetermined blast cone  from  the  propulsive  exit,  However,  at 
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supersonic  speeds,  in  order  to  eliminate  these  induced  forces,  it w o u l d  
be  necessary  to  keep  all  surfaces  not only away from the propulsive  jet 
itself,  but also away  from  all  shock wvea in the  external flaw because 
of the  presence  of  the  propulsive  jet. In many cases,  with  the  increased 
use of delta-wing  configurations and longer  af'terbodies,  it  is  becoming 
more  difficult to do  this.  This  report  is  concerned  with  the  Jet  effects 
produced on an adjacent  plane  surface by the  Fnteraction of the  external 
flaw and the  propulsive-Jet  wake,  downstream of the  jet  exit. 

The  investigation w a s  conducted  in  the  preflight  jet of the  Langley 
Pilotless  Aircraft  Research  Station  at-  Wallops Island, Va.,  by  using a 
amall-scale  nacelle  simulating a turbojet  engine  that w a s  vertically 
addustable  beneath a flat  surface  simulating a wing. Simulation of the 
density and velocity of a hot  exhaust  jet was accomplished  by  using 
helium.  Helium,  because  of  its high gas  constant,  when  used  at  atmospheric 
temperature will produce a Jet  density and velocity  comparable to a hot 
exhaust  jet. 

The  data  presented  were  obtained  over a range of jet  pressure  ratios 
f r o m  2 to 7 at a free-stream  Mach number of 2.02 and at  angles of attack 
and yaw of Oo. The  Reynolds rider per  inch  for  these  tests m s  
1.22 x 106. 

a 

b 

chordwise  distance from nacelle  exit,  in.  (downstream  is 
positive) 

spanwise  distasce from nacelle center line, in. (located on 
wing surface) 

xCP incremental-lift  center-of-pressure  location  from  nacelle . -  

exit, in. (damstream  is  positive) 

CT gross thrust  coefficient, - T 

QJ 

. 

D diameter,  in. 

H total  pressure, -lb/sq in. 
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"j /Po nace l le -e t   p ressure   . ra t io  

- M Mach  nuniber 

P  static  pressure,  lb/sq in. 

P pressure  coefficient, pw - Po 
s, 

Q dynamic pressure, -, lb/sq in. 7PM2 
2 

r radius of nacelle  afterbody at x distance, in. 

S area, sq in. 
T 

X horizontal  distance along nacelle af'terbody, in. 
U secondary  jet-on wave angle, deg 

Y specific  heat  ratio, 1.40 for air and 1.67 fo r  helium 

8 primary jet-on wave angle, deg 

Subscripts : 

f propulsive je t   o f f  

9 nacelle exit 

n propulsive jet on 

0 f r ee  stream 

The tests were made in  the  pref l ight  jet of the Langley P i lo t less  
Aircraft  Station at Wallops Island, Va. (ref. 2) .  A Mach nuniber 2.02, 
12-inch-square preflight  jet  nozzle was used for  a l l  tests. A photograph 

preflight-jet nozzle is sham as  figure 1. 
. of the  nacelle munted beneath the  flat-surface wing i n  the 12- by 12-inch 
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Nacelle.- I n  figure 2 is shown a sketch of the  nacelle with its 
principal dimensions. Also shown in figure 2 is  a 10' canted down nozzle 
that was included in the tests. The b d y  of the nacelle had a maximum 
diameter of 1.125 iriches w5th.m  overall  length of 10.50 inches. It was 
mounted on a hollow s t r u t  which served as a housing for  the helium 
conduits and a pressure lead as w e l l  as a support for  the nacelle. The 
s t r u t  w a s  swept back 450 from the nacelle center line and it had a cross 
section as shown in   f igure  2. The dimensions of the  nacelle as a whole 
were scaled down f r a  a full-size  typical  turboiet   nacelle.  The coordi- 
nates for the afterbody of the nacelle are given in  table I. 

" 

- 
i 

-. 

W i n g . -  The wing used i n  the tests consisted of a l /binch-thick 
s ta inless-s teel   p la te   that  completely spanned the ex i t  of the pre f l igh t '  
jet  nozzle. The wing was w e l d e d  t o  supports that were bolted  to the 
ex i t  of the preflight jet  nozzle w i t h  the leading edge 1/4 inch from the 
nozzle ex i t  and approximately three-quarters of the to t a l   ve r t i ca l  
distance up from the bottom. The w i n g  w a s  of rectangular  plan form 
w i t h  a 9.25-inch chord and a ko bevel on the upper surface of the 
leadingedge. 

A sketch showing the location of the nacelle  with  respect  to the 
wing and preflight-jet-nozzle  exit  for all the  positions tested is 
presented in figure 3. Also shown in   f igure  3 i s  the location of the 
exit  center  Hne  for-  th-I-0'  canted down nozzle a t  position B. 

INS-TION 

The internal   s ta t ic   pressure of the nacelle was measured through a 
0.03-inch-diameter or i f ice  s h m  i n  figure 2. 

The static  pressure on thewing w a s  measured through 18 s ta t ic -  
pressure  orifices 0.06 inch fn diameter. The position of each of these 
orifices  located.from  the  nacelle exit is  shown in   f igure 4. 

A l s o  measured were the free-stream total   pressure  in   the chamber 
jus t  in front  of the preflight-jet-nozzle exit and the  stream  static 
pressure on the wall 1/2 inch upstream from this exit. All pressures 
were recorded by electrical  pressure  recorders of the  strain-gage  type. 
A 10-cps timer correlated a l l  time histories on paper  records. Shadow- 
graphs, which  were photographed a t  an exposure of approximately 
O.Oo3 second, were obtained by u s i n g  a  carbon-arc l igh t  source an 
opaque-glass screen. " . 
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ACCURACY 

By accounting fo r  the instrument error  of 1 percent of full-sca 
range, the probable error I s  believed t o  be within the follawing 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
Pf and P, . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.02 
EJ/po . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W.20 
The angles 0 and a are believed t o  be accurate  to *lo. 

.. The tests were made at  a free-stream Mach  nuniber of 2.02 with a 
Reynolds number per inch of 1.22 x Lo6 w h i l e  varying the nacelle-exit 
pressure  ratio f’roln 2 t o  7. 

With the arrasgement sham i n  figure 3, the complete t e s t   f i e l d  was 
within the Mach  wedge of the nozzle and the ugper quarter of nozzle flow 
with i ts  boundary layer was separated out. For all tests, the nacelle- 
exft center line was l o c a t d ,   v e r t i c a l l y  below the center  l ine of the 
wing at 6.63 inches  from.the trailfng edge. The only variation between 
individual  tests w&s the  vertical   distance between w i n g  and nacelle 
center  l ine as shown in figure 3. A t  a l l  times, the nacelle was at 
angles of attack and yaw of Oo with respect  to  both  the wing surface and 
the  center line of the preflight  get. 

/- 
I- 

Helium, from a pressurized  source, was used t o  simulate the  pro- 
pulsive  jet  from the sonic  exit  of a turboJet with afterburner  uperation. 
He l ium was chosen for  simulation because its density and sonic  velocity 
most nearly  duplicate  those of the  turbojet exhaust without the conqlication 
of heating or mixFng of gases. Helium, with its high gas constant, when 
used a t  atmospheric  temperature will duplicate a hot-exhaust-jet  density. 
However, because of its high  specific-heat ra t io ,  the  sonic  velocity is 
approxhately 10 percent in  error.  The variation of nacelle-exit  pres- 
sure r a t i o  was accomplished by allowing the  pressure of the helium 
source t o  be  exhausted. 

The total   pressure at  the  nacelle exit was calculated frm the 
measured s ta t ic   pressure by a~sming both a sonic exit and.  lq pressure 
loss between the  static-pressure-orifice  location and the exit. 



The gross thrust of the  propulsive je t  .was calculated by using the 
one-dimensional flaw theory  applied t o  the momentum-theory equation as 
follows : 

" 

" . 

For a sonic  exit, 

The incremental l i f t  due to the presence of the propulsive j e t  was 
determined from an integration of the measured pressures on the lower 
wing surface. The asswnptions a d  detai ls  of this calculation are 
discussed in   t he  appendix. 

Pressure Coefficients 

Jet off.- The measured jet-off  pressure  coefficients Pf on the 
wing surface are plotted in figure 5 as a function of distance Prom the I 

nacelle  exit a/Dj for   three spanwise positions. The chordwise pres- 
sure distributions on the w i n g  for positions B, C, and D along the  nacelle 
center line (fig.  ?(a) ) are  characterized f i r s t  by the expaneion t o  a 
low pressure  region  near the vicinity of the exi t  of the nacelle Bgd, 
second, by a pressure rise through the shock wave or igha t ing  fram the 
nacelle wake (fig. 6) . As the  nacelle is lowered from pasition By the 
law pressure  regions,  although .=-red farther to the rear on the wing, 
are of the same magnitude. In  turn, the pressure rise- through the shock 
waves also takes place farther t o  the rear on the wing and the  profiles 
are  generally of the same shape,  although  the maximLzm pressure rise is  
reduced. The reduction in the maxim pressure a8 the spanwise dfstance 
is increased from the  nacelle  center line (compare f ig s  . 5(a) and ?(b) ) 
also  indicates that the  pressure rise across  the shock wave  becomes less 
intense as i t s  distance from the  point of origin  to  the  point of 
impingement with  the wing surface is increased. 

With the nacelle In positions A and B (exit canted 10' down), the 
chordwise pressure  profiles on the wing along the nacelle  center  line 
(fig.  5(a) ) are different from those  presented  for the other positions. 
The greatest  differences occur the magnitude of the l a w  pressure 
f i e ld  and the general s u p e  and position of the maximum pressure  rise 



on the w i n g .  The low pressure field f o r  position A FS nearly  twice that 
of the other straight-exit positions; this result. indicates that the 
flow between the body of- the  nacelle and the b h g  on the  nacelle  center 
l ine  f o r  position A is blocked off  and forces the flow over the nacelle 
t o  detour around before  reaching the exit. The effects from this  
blockage of the flow on the nacelle  center  line could  be  expected t o  be 
relieved at the spanwise positions  indicated by the  plots of position A 
in  figures 5(b) and ?(c).  

Position B (exi t  canted 10' down) has the lowest pressure  f ield of 
all. Although the center   l ine   a t   the   poht  of the exit in  position B 
(exit  canted)  coincides w i t h  the  center line of position B (ex i t  straight), 
actually  the body of the nacelle was between positions A and B and this 
position  plus  the  difference i n  external shape  could  be eqec ted  to cause 
a lower pressure a t  the exit of the model. 

Jet on.- Presented in figure 7 (parts (a) t o  ( j )  ) are  the  experi- 
mental  jet-on  pressure  coefficients Pn for  individual  orifice  locations 
plotted  as a function of nacelle-exit  pressure r a t i o  Hj/p0. The inter- 
action on the w i n g  of the  jet-on shock waves shown in   the  shadowgraph 
pictures (fig. 8) is responsible  for the high  positive pressure coeff i- 
cients, and the movement of these shock waves w i t h  an fncrease in  Ej/po 
causes the sudden  Fncrease or  decrease of Pn for  individual  orifices. 
A typical  example is the plot  of Pn f o r  the  orifice  located a t  
a/Dj = 2.88 in   f igure "(e) . From H-j/p0 = 6 t o  H5/po = 3.5  the 
shock wave is downstream of the  or i f ice  and at Hj/p0 = 3.5 it begins 
t o  pass  over the   o r i f ice  and causes a rapid  pressure  rise t o  a positive 
pressure until it has f ina l ly  passed over a t  Hj/p0 = 4.5. Another 
noticeable  effect a t  this orifice  location is the further  increase  in Pn 
w i t h  an increase in Hd/p0 even though the shock wave has passed Over the 
or i f ice  and is continuing to get   far ther  upstream of it. This increase 
Fn Pn and the in~r-sed angle of t& shock waves ( s h m  subsequently) 
fndicates the increase in the strength of the primary shock wave with an 
increase in  Hj/po. 

In figure 9, the chordwise variation of Pn is plotted  as a function 
of distance from the nacelle exit &/DJ for test positions A, B, C, and D 
a t  Hj/po  of 6. As can be  seen by comparing figure 9 w i t h  f igme 5,  the 
chordwise wing pressure  profiles are the same both wlth Jet on and j e t  off 
prior t o  the  init ial   jet-on  pressure rise. Af'ter this point,  they are 
dis t inct ly   different .  With jet on, there  are two separate  positive  pres- 
sure r i ses  on the w i n g  at each position. These positive  pressure peaks 
are caused  by the interaction on the wing of both  a primary and a secondary 
shock wave visible in the jet-on shadowgraph pictures in figure 8. 



Figure 9 also shows, as did figure 5 ,  a reduction i n  the maximum positive 
pressure and a rearwardmovement of the complete pressure  profile as the 
model is lawered in  posit ion as well as a reduction at each position as 
the spanwise distance i s  increased. This reduction a t  each  position  a? - 
the spanwise distance is increased as well as the impingement on the 
wing  of both the primary and secondary shock waves is shown i n  a sketch 
of a typical  jet-on  pressure field on the wing presented i n  figure Lo. 

a 

Presented in figure ll is  the chordwise variation of the jet-on 
pressure  coefficient on the wing along the  nacelle  center line for  
positiom. B with a straight exit, and B with the  exit  canted loo down 
a t  Hj/po = 6. Positions B w i t h  a straight-exit and B with a canted 
ex i t  have similar P, profiles w i t h  position B with the exi t  canted 
having a sizably lower ini t ia l   pressure and a slight  increase in  maxhum 
positive  pressure. 

Shock  Waves 

From the shadowgraph pictures i n  conjunction with the measured  wing 
pressure  data over the nacelle  center line, it was possible t o  locate 
the  point of i m p i q p e n t  of the shock waves on the flat-surface wing. 
The angular variatiqn between the w i n g  sGface and a straight l i ne  drawn 
along the shock wave was then measured; it represents the angular vari- 
ation between the na-celle  center  line and the shock wave. I n  the  jet-off 
case, only one shock wave, w i t h  a mean angle of 2g0, impinged on the wing 
as shown by the pressure rise in   f igure 5 and the shadowgraph pictures 
i n  figure 6. In the jet-on  case two shock waves impinged on the wing 
as shown by the pressure  rises i n  figure 9 and the shadowgraph pictures 
i n  figure 8. The variation of these jet-on wave angles with Hd/p0 is 
presented in figure 12. The primary shock-wave angle 0, caused by the 
i n i t i a l  expansion  of the  propulsive Jet  from the nacelle- exit, had a 
fixed  origin a t  the exit of the  nacelle, and varied from approximately 30° 
at Hj/p0 = 2 to  approxhately 35O at  .Hj/po = 7. This variation i n  - 

wave angle wikh  Hj/po could  be  expected  because  increasing the pressure 
r a t i o  results in.=.  increase in the expansion of the jet issuing fran the 
nacelle  exit  (ref. 1) . The secondary power-on shock wave, although moving 
farther downstream with an  increase i n  Ej/po ( f ig  . 8 ) ,  appeared t o  have 
a constant wave angle a of 31O. 

.. 
c 

Incr.ementa1 L i f t  

Shown in   f igure  13 is the  variation of incremental l i f t   coe f f i c i en t  
CLi, based on Sj with Hj/p0 for  a l l  test positions. The values of 
ai were calculated" f r 4  the  incremental  pressure data (TPn - Pf) by the . 



method  presented  in  the  appendix; ki represents  %he  change  in  lift 
due  to  the  presence  of  the  propulsive  jet.  At  positions B, C, and D, 
the  variation  of C L ~  with  Ej/po  was  approximately  the  same.  Values 
of ki varied  from  approximately 0.80 at  Hj/p0 = 2 to  approximately 
1.84 at  Hj/po = 7. When  jet-on  and  jet-off w i n g  pressure data were 
conibined  to  form  the  incremental  pressure  data (fig . 14), positive 
incremental  pressure  resulted  immediately  behind  the  jet-on  primary 
shock. This positive  incremental  pressure gradually decreased  until  it 
became  negative in the  vicfnity of the  jet-off  shock and it  remained 
negative in the  jet-off  shock  field to the  end of the  wing.  With  the 
lowering of the  nacelle  from  position B, the  intensity  and  area of the 
positive  incremental  pressure  field  were  reduced, birt the area of the 
negative  field  was  also  reduced.  When  both  positive and negative  pres- 
sure fields  were  combined  the  resulting  incremental  lift  showed  no 
variation  between  positions B, C, and D for a given  Hj/po.  Positions A 
and B (exit  canted loo down)  did  not  produce  lift equal to  the  other 
positions  for a given  value  of  Hj/po.  The  reasons  are  explained at the 
end  of  the  appendix,  and  because  it is believed  that  the  method of 
calculating  the  incremental lift does  not fully apply in these  positions, 
the  results  therefore  serve only  as 811 Fndication and the  curves  for 
positions A and B (exit  canted loo down)  &re  presented  as  dashed in all 
the  figures. 

Incremental-lift  center of pressure.-  Presented in figure l'j is  the 
variation  of  the incremental-lift center of pressure  (xcp/Dj)  with  HJ/po. 
The  center  of  pressure  at  positions B, C, and D is downstream  of  the 
nacelle  exit  at  Hj/po = 2 and shows a gradual  movement  farther  downstream 
with an increase in HJ/p0. The gradual movement of the  center of pressure 
farther  downstream  is  the  result  of  the  fact  that  the  jet-on  secondary 
shock  moves  downstream  with  Hj/po  and  reduces  the  negative  incremental 
pressure in the  jet-off shock f ield (fig . lk) . In posit ions A and B 
(exit  canted loo down),  the  negative  incremental  pressure  fields  are 
proportionately  greater  than  at  the  other  positions but the  positive 
incremental  pressure  field is not. When both  the  positive  incremental 
pressure  and  the  negative  incremental  pressure  with  their  respective 
center-of-pressure  locations  are combined in positions A and B (exit 
canted 10' down),  then the resultant  center  of  pressure  moves  well  upstream 
of  the  nacelle  exft  with a reduction in Hj/p0. 

Thrust.-  The  variation  in  ca1cUla;ted g r o s s  thrust  coefficient CT, 
based  on SA, is  presented in figure 16 plotted  against  HJ/po.  Shown 
in  figure 17 is  the  variation  in  the  incremental  lfft-to-thrust  ratio 
with  Hd/p0. It can be seen in positions B, C, and D that  incremental 
lift equal to  the gross thrust was encountered  at  Hj/po = 2.86. 

- - 



The incremental  lift-to-thrust  ratio  decreased  rapidly from approxi- 
mately 1.45 a t  Hd/p0 = 2 t o  0.65 - a t  Hs/p0 = 6 and then appeared t o  
level  out. Position6 A and B (ex i t  canted loo down) again show the 
effects of severe  nacelle-wing  interference by having an incremental 
l i f t - to - thrus t  r a t i o  that is gradually increasing with Hj/p0. 

Within the limits of the  present  tests conducted i n  a Mach  number 2.02 
f ree   j e t  of a small-scale  simulated  turbojet  nacelle with a choked  con- 
vergent  nozzle  located in   the near vicini ty  of a flat-surface wing the 
results may be summarized as follows: 

1. When the  position of the  center l ine of the  straight-exit  nacelle 
was lowered relat ive t o  the wing from 1.450 nacelle  exit diElmeters t o  
3.392 nacelle  exit  diameters  the  following  effects were obtained: 

a. The change i n  pressures on t-he wing, frm the presence of 
the  propulsive jet, when integrated over the  affected wing area 
prduced an incremental lift that w&s qual t o  the gross thrust at  
a nacelle-exit  pressure r a t i o  of approximately 2.86. 

b. For any given  nacelle-exit  pressure  ratio  the  incremental 
l i f t ing   e f fec t  on the wing was approximately Fndependent  of ver t ica l  
position. 

c.  The incremental lif% on the WFng was increased when the 
nacelle-exit  pressure r a t i o  was increased,  but  not so rapidly as 
the thrust increased. 

d. The incremental-lift  center of pressure i s  progressively 
farther downstream of the  nacelle exit as the  nacelle was lowered 
in  position, and it moved gradually  farther downstream a t  each 
position  with an increase in the  nacelle-exit  pressure  ratio. 

2. !The t e s t s  of a s t ra ight  exit at  0.817 nacelle-exit  diameters 
and a  canted ex i t  a t  1.450 nacelle-exit  diameters below the w i n g  h d i -  
cated lower incremental l i f t  than at  the  other  positions  referred t o  in 
conclusion 1. Also, at these  positions a rapid movement of the 
incremental-lift  center of pressure f m m  well forward of the nacelle 
exit t o  s l igh t ly  be- it occurred w i t h  an incrvase in the  nacelle-exit 
pressure ra t io .  . .  

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., April 30, 1954. . 
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DETERMINATION OF IN- LIFT 

The following  method of determining  the  incremental Lift on a flat- 
surface  wing,  resulting  from  the  intersection on the w h g  of  shock  waves, 
due  to  the  presence  of  the  propulsive  jet,  is  based  on  the assmption 
that the  incremental  pressure on the w5ng decreases in proportion  to  the 
distance  from  the  shock-wave  source. In figure 14, the  validity  of  the 
assumption  was  checked by plott,Lng  the  limited  spanwise  experimental 
incremental  pressures on constructed  profiles,  reduced  proportionally 
with  distance,  from  the  center-line  profile.  The  agreement  between  the 
constructed  profiles  and  the  actual  data  is  shown to be good. Figure 14 
fs a three-dimensional plot that  illustrates  the resats of  the  method 
used in obtaining  the  3ncremental lift on  the wing. The  boundaries of 
the  intersection on the wing of the  jet-off  and  jet-on  shock  fields  were 
determined  by  measuring  the  shock-wave  angle  frcm  the  shadowgraph  pictures 
at  a/Dj = 0 and  then  projecting a cone  with  this half angle on the  wing 
surface. The experimental  incremental  pressure  coefpicients  were  then 
plotted  at b/Dj = 0 and the  profile  between  the  points  was  fafred Fn. 
The  strip  incremental  lift  at  b/Dj = 0 was  then  determined by inte- 
grating  the area under  the  center”  incremental  pressure  profile. 
From  the  strip  incremental  lift at b/Dj = 0, the strip  incremental lift 
at any spanwise  station can be  obtained by reducing  the  strip  incremental 
lift  at  b/Dj = 0 in  proportion to the  increase in distance  to  the span- 
wise  wing  position  from  the  shock-wave  source. By integrating  the  lift 

by 2, the  incremental  lift on the wing can be  obtained. A pressure 
orifice on the  wing  located  at 3.04Dj spanwise  and 2 . 8 8 ~ ~  chordwise 
from  the  nacelle  exit,  opposite in spanwise  positfon f r o m  the main pres- 
sure  survey  (fig. 4), showed good agreement in incremental  pressure  with 
its  identically  located  orifice in the =in pressure  survey. 

.. per  chordwise  strip  from  b/Dj = 0 to b/Dj = Max- and  multiplying 

For  positions B, C, and D, the  agreement  between  the experimental 
incremental  pressures  and  the  constructed  profiles  is  consistently good 
throughout,  but  for  position A the  agreement is not so good. In some 
cases, the  limited  hcremental  pressures a t  the  spanwise  station 
b/Dj = 1.35 were  approximately 30 to 4.0 percent higher  than  the  con- 
structed  profiles.  The flow being  blocked  between the wing and nacelle 
at  b/Dj = 0 for  position A could  be  responsible  for  thfs  inaccuracy  in 
the  method  by  causing  the  flow  to  detour away from  the  b/Ds = 0 position. 
The  agreement  between  spanwise  experimental  incremental  pressures  and 
the  constructed  profiles at position B with a canted exit is nearly as 



good as it was a t -pos i t ion  B w i t h  a straight exit ,  but  since.the method 
of obtaining  the lift is based on a symmetrical nacelle exit about the 
nacelle  center  line;this"agre&nt would not be expected t o  continue 
over all spanwise positions  for-  position €3 with a canted. &t as it . 

could be for  position B w i t h  a st raight   exi t .  
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Figure 2 .- Schematic diagram of nacelle. All dimensions are in inches. 
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Figure 3.- Arrangement of the nacelle relative to the exit of the 12- by 
=-inch preflight-jet nozzle and wing f o r  test positions A, B, C, and 
D. All dimensions are in inches. 
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Figure 4.- Lacation of the wing static-preseure orifices. 
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Figure 5.- Chordwise variation of jet-off pressure coefficients f o r  all 
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Posit ion A Posi t ion B 
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L-83 67 o 
Figure 6.- Shadowgraph pictures of the flow field about the nacelle  exit 

with jet off for test posFtions A, B, C, and D. 
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(a) Position A on nacelle  center line. 
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(b) Position A at 1.3Pj and 3.04D3 spanwise from nacelle  center  line. 

Figure 7.- Variation of jet-on  pressure  coefficient with nacelle-exit 
pressure ratio for all w i n g  pressure orifices. 
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( a )  Position €3 at 1.35D3 a n d .  3 .&DJ spanwise f r o m  nacelle  center  line. 

Figure 7.- Continued. 
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(f) Position C at l.35Dj and 3.04D~ spanwise from nacelle center  line. 

Figure 7.- Continued. 
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Position D st 1.35Dj and 3.04D~ spmwise from nacelle.  center l ine.  

Figure 7.- Continued. c 
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(j) Position B (exit canted loo down) a t  1.3P j  and 3 .04Df  spmwise f r o m  
nacelle  center line. 

Figure 7.- Concluded. 



26 

Jet  off 
Hj/P 0 = 2 

"/Po = 4 Hj/P0 = 6 

(a) Position A. 

Figure 8.- Shadowgraph pictures of the f l o w  f i e l d  about  the 
with jet off afld with nacelle-exit  preesure ratiosaof 2, 
t e s t  positions A, B, C, and D. 

b83 671 

nacelle  exit 
4, and 6 for 



NACA RM L9E05a - 27 

Hj/P 0 = 4 

(b) Position B. 

Figure 8.- Continued. 
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( c )  Position C. 

Figure 8.- Continued. 
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Figure 8.- Concluded. 
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(b) 1.J5Dj spanwise f r o m  nacelle  center  line. 
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(c) 3 .&Dj spanwise from nacelle  center =ne. 
Figure 9.- Chordwise  variation of Jet-on pressure  coefficient  for  test 

positions A, B, C, and D st a nacelle-exit  pressure  ratio of 6. 
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Flgure U.- Chordwise variation o f  jet-on peseure coefficient for t e s t  
positions B and B (exit canted IOo d m )  at a nacelle-exit pressure 
ratio of 6 along the nacelle center line. 
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Figure 12.- Variation of prm and secondary jet-on shock-wave angles 
wlth nacelle-exit  pressure  ratio. 

8 

w w 

. . . .  



I 

2 .o 

1.8 

1.6 

1.4 

1.2 

1 .o 

.8 

.6 

-4 

.Z 

0 

1 2 3 4 '  5 6 7 8 

Figme 13.- Variation of Incremntal l i f t  coefpicient with nacelle-exlt 
pressure ratio for all t e e t  positions, based on nacelle-exit area. 
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Figure 14.- Chordwise and spauwise  variation of 
coefficient P, - Pf at t e s t  position B for 
ratio of 7.  

incremental  pressure 
R nacelle-exit pressure 
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Figure 15.- Variatlon of the incremntA”1ifi center of pressure with 
nacelle-exlt  pressure ratio for a l l  t e s t  positions. 
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Figure 16.- Variation o f  gross thrust coefficient with mceUe-exIt 
pressure ratio. w 
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